Conclusions-The finding that pilocarpine increases angular width in patients with narrow angles indicates that this agent is useful for treating patients with narrow angles and angle closure glaucoma. The prediction of the pilocarpine induced change in the angle may assist ophthalmologists in treating such patients. (Br J Ophthalmol 1999;83:553-558) Pilocarpine, one of the most commonly used and the most extensively studied antiglaucoma agents, reduces intraocular pressure by increasing aqueous outflow.
Pilocarpine, one of the most commonly used and the most extensively studied antiglaucoma agents, reduces intraocular pressure by increasing aqueous outflow. [1] [2] [3] [4] [5] [6] The change in the anterior chamber angle results from dual responses to pilocarpine. One is a forward movement of the iris plane, which results from increased resistance to the flow from the posterior chamber to the anterior chamber, accommodation, and increased outflow. The other is contraction of the sphincter muscle of the iris, which leads to a decrease in total thickness and a pull on the root of the iris. The net response of the angle opening to pilocarpine is the combination of these opposite reactions: the narrowing by forward movement of the iris plane and widening by contraction of the sphincter muscle of the iris. 7 We have previously reported that the response of the anterior chamber angle opening to pilocarpine varies according to the pretreatment status in healthy volunteers aged 50 and under; if the pretreatment angle was greater than 41.1°, pilocarpine decreased the angular width, and, if the pretreatment angle was less than 41.1°, pilocarpine increased the angular width. 8 Understanding the response to pilocarpine in patients with narrow angles is essential for the treatment of angle closure and narrow angle glaucoma. The ability to predict the pilocarpine induced change in the angle before pilocarpine administration in such patients would be helpful for ophthalmologists.
Conventional methods such as gonioscopy and ultrasonic biometry present diYculties in evaluating fine structures of the anterior chamber, [9] [10] [11] and their use can lead to an incorrect diagnosis. 12 High resolution ultrasound biomicroscopy provides precise measurements of the subtle change of the angle induced by pilocarpine as well as images that cannot be obtained by conventional methods. [13] [14] [15] [16] [17] [18] [19] [20] [21] Ritch followed patients who were judged at risk for developing angle closure glaucoma by their ophthalmologists and showed that this group had an almost 30% risk of developing angle closure within 5 years. 7 Although prophylactic laser iridotomy treatment should be employed on the fellow eyes of patients who have suffered an attack of angle closure in one eye, its precise indications have not been established. 22 23 In the present study, we examined the angle change induced by pilocarpine in patients with narrow angles who underwent prophylactic laser iridotomy after this examination and compared the results of those of age matched control subjects before and after administration of pilocarpine using ultrasound biomicroscopy.
Materials and methods
We evaluated 30 eyes of 30 patients with narrow angles who underwent prophylactic laser iridotomy after this examination. There were 13 men and 17 women aged 63 to 82 years (mean 70.4 years). Exclusion criteria comprised the presence of high intraocular pressure, glaucomatous disc damage, plateau iris syndrome, anterior or posterior synechia, and ocular history, including glaucoma, trauma, inflammation, and previous ocular surgery. As controls, we studied 30 eyes of 30 age and sex matched healthy volunteers with wide angles (12 men and 18 women) ages between 65 and 85 years (mean 71.6 years). The study protocol and consent forms were approved by the human subjects committee of Amagasaki Hospital. Patients were informed of the purpose of our study, and provided their signed consent to participate. The diagnosis of narrow angle was based on the results of slit lamp biomicroscopy, gonioscopy, and ultrasound biomicroscopy. A narrow angle was diagnosed when trabecular-iris angle was 25°o r less on ultrasound biomicroscopic examination with grades III or IV angles based on Scheie's gonioscopic classification. 24 We obtained ultrasound biomicroscopic measurements before and 1 hour after instillation of 2% pilocarpine hydrochloride (Santen, Osaka, Japan), as described by Kobayashi et al. 8 The ultrasonic biomicroscope 840 (ZeissHumphrey, San Leandro, CA, USA) was used. Measurements were obtained three times to confirm reproducibility and to eliminate artefacts. Each subject was instructed to look at a mark placed on the ceiling to avoid the eVects of accommodation. Room illumination was constant during the examination.
Anterior chamber depth (ACD) was measured as an axial distance from the internal corneal surface to the lens surface. The ultrasound biomicroscopic cross sectional views through the angle region were obtained for most of the measurements, which were performed in the temporal meridian; views were as vertical as possible, as determined from the screen image. The following variables were measured: ACD, trabecular-iris angle (TIA), angle opening distance at 250 µm and 500 µm from the scleral spur (AOD250 and AOD500), iris thickness, and iris-lens contact distance (ILCD) as described by Palvin et al. 13 14 Iris-lens contact area (ILCA) was measured as follows:
where R is the distance between the centre of the anterior lens surface and the near point of iris-lens contact. Iris thickness was measured as the thickest part of the iris. Total axial length was measured by Ocuscan 4000 (Alcon, Fort Worth, TX, USA).
Values are expressed as mean (SD) and as a range. Unless otherwise specified, data were analysed by paired, unilateral t tests. Multiple regression analysis was used to evaluate the contribution of individual factors to the change induced by pilocarpine in the ACD, TIA, AOD250, and AOD500. All the variables measured before and after the instillation of pilocarpine and the diVerences between them were considered as possible independent factors. To evaluate the reproducibility of the measurements, coeYcient of variation was calculated. A level of p <0.05 was accepted as statistically significant. Data were stored on a personal computer. Statistical analysis was performed using the Statistical Analysing System (SAS).
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Results Figure 1 shows a change of the angle by pilocarpine in an eye with a narrow angle. After ACD=anterior chamber distance; TIA=trabecular-iris angle; AOD250 and AOD500=angle opening distance at 250 µm and 500 µm from the scleral spur.
the instillation of pilocarpine, ACD decreased from 2107 µm to 2005 µm. TIA, AOD250, and AOD500 increased from 13.43°to 29.22°, from 103 µm to 192 µm, and from 120 µm to 262 µm, respectively. The means (SD) and ranges for age, sex, total axial length, ACD, TIA, and AOD250 and AOD500 before instillation of pilocarpine for eyes with narrow angle and those with wide angle are shown in Table 1 . CoeYcients of variation of ACD, TIA, AOD250, AOD500, and iris thickness were shown in Table 2 . No significant diVerences were found in age and sex between the two groups, but there were significant diVerences in total axial length, ACD, TIA, AOD250, and AOD500 (p = 0.0017, p = 0.0001, p = 0.0001, p = 0.0001, p = 0.0001, respectively), as shown in Table 1. TRABECULAR-IRIS ANGLE (TIA) All eyes in the narrow angle group showed a pilocarpine induced increase in TIA. Of 30 eyes with wide angles, 23 eyes, which had ACD 2670 µm and more and TIA 35.6°and more, showed a decrease in TIA. The mean change in TIA in the narrow group was significantly greater than that in the wide angle group (p = 0.0001) ( Table 1) . In both groups, the change in TIA following pilocarpine was inversely related to the pretreatment TIA, as shown in Figure 2A .
ANGLE OPENING DISTANCE AT 250 AND 500 µM FROM THE SCLERAL SPUR (AOD250 AND AOD500) The AOD250 and AOD500 increased in all eyes with narrow angles. The AOD250 and AOD500 decreased in 23 of 30 eyes with wide angles. A statistically significant diVerence was found in the mean AOD250 and AOD500 between the narrow angle group and the wide angle group (p = 0.0001; p = 0.0001) ( Table  1) . A significant relation between the pilocarpine induced AOD250 change and pretreatment AOD250 in the narrow angle and wide angle groups is illustrated in Figure 2B . Figure 2C illustrates a significant relation between the AOD500 change and pretreatment AOD500 in the narrow angle group and the wide angle group.
ANTERIOR CHAMBER DEPTH (ACD)
The mean decrease in ACD in the narrow angle group was 94 (SD 15) µm, which was significantly less than that in the wide angle group (p = 0.0001) ( Table 1) . Percentage changes (for example, ACD change/pretreatment ACD) were 4.95% (0.39%) (4.09-5.74%) in the narrow angle group and 4.57% (0.46%) (3.74-5.64%) in the wide angle group, respectively. There was a significant diVerence between them. Significant linear correlations were found between pilocarpine induced change in ACD and the pretreatment ACD in the narrow angle group and the wide angle group, as shown in Figure 2D .
IRIS-LENS CONTACT DISTANCE AND AREA (ILCD, ILCA) There was a significant diVerence in pretreatment ICLD and ICLA between eyes with wide angles and those with narrow angles (p = 0.0001, p = 0.0001). A significant diVerence was found in pilocarpine induced ILCA change between the wide angle group and the narrow angle group (p = 0.0006), whereas there was no diVerence in the ILCD change.
PREDICTION OF PILOCARPINE INDUCED CHANGE
The most predictive variable of the change in ACD in the narrow angle group was pretreatment ACD, as shown in Table 3 . The most predictive variable of the change in TIA was pretreatment AOD500 and that of the change in AOD250 was pretreatment AOD250. The most significant predictive variable of the change in AOD500 was pretreatment AOD500.
COMPARISON OF INDIVIDUAL FACTORS
A comparison of changes in individual variables with each other and pretreatment values revealed that the pretreatment ACD was correlated with the changes in TIA, AOD250, and AOD500, as shown in Figure 3 . The changes in TIA, AOD250, and AOD500 showed statistically significant correlations to the change in ACD, as indicated in Figure 4 .
Discussion
We evaluated the eVects of pilocarpine on the angular width in 30 patients with narrow angles using ultrasound biomicroscopy; all eyes showed an increase in TIA, AOD250, and AOD500 in response to pilocarpine. These changes exhibited significant correlations with the corresponding pretreatment values. In control subjects whose anterior chamber depth was 2670 µm and more and whose TIA was 35.6°and more, pilocarpine produced decreases in TIA, AOD250, and AOD500. These changes increased linearly as the corresponding pretreatment values decreased. Where a CV <10% was chosen as an acceptable reproducibility, the UBM system exhibited high reproducibility for all variables measured.
The pilocarpine induced responses of the ciliary muscle and outflow facility decline with age. [26] [27] [28] Gabelt et al showed a decline of accommodation response to cholinergic drugs, decreased baseline outflow facility, and a decline in the facility response to pilocarpine hydrochloride in aging rhesus monkeys. 26 Tamm et al reported an association between the age related decline in ciliary muscle mobility and the age related decline in outflow facility and facility responsiveness to cholinergic drugs. 28 We therefore selected age matched controls for our study.
The change in ACD induced by pilocarpine was significantly smaller in eyes with narrow angles than that observed in eyes with wide angles, and there was a significant diVerence in the percentage change between them. Resistance of the flow from the posterior chamber to the anterior chamber plays a major role in the response of the ACD, since the ciliary muscle motility and outflow facility responsiveness to pilocarpine decline in patients over 60. [26] [27] [28] The resistance from the posterior chamber to the anterior chamber may relate to the iris-lens contact area or distance. An increase in the resistance induces an increase in the posterior chamber pressure and a decrease in the ACD. Pretreatment ILCD and ILCA of eyes with narrow angles were significantly greater than those of eyes with wide angles, indicating that eyes with narrow angles might show a greater resistance before pilocarpine instillation. Eyes with narrow angles showed a smaller pilocarpine induced increase in the ILCA than eyes with wide angles, whereas there was no diVerence in the ILCD. Eyes with narrow angles appeared to have a smaller increase in the resistance, and showed a smaller decrease in the ACD. The change in the resistance depends on the pretreatment ACD. The importance of such pretreatment values has not yet been addressed. Abramson et al showed that, in elderly subjects, pilocarpine induced a decrease of 50-200 µm in the ACD. 29 These variable decreases may have been attributable to diVerences in pretreatment ACD.
Changes in the anterior chamber angle opening are caused by two types of reactions-a forward movement of the iris plane and a pull on the iris root and a decrease of the total thickness of the iris. In this study, no diVerence was found in pilocarpine induced change of iris thickness between the narrow and wide angle groups. Pilocarpine may induce a smaller decrease in the ACD in eyes with narrow angles than in those with wide angles, leading to less forward movement of the iris plane in eyes with narrow angles. In eyes with narrow angles, an increase in the angle width caused by the thinning of the iris was greater than a decrease in the angle by forward movement of the iris plane.
Multiple regression analysis showed that even in patients over the age of 60 with narrow angles, the change in angle opening and ACD could be predicted before instillation of pilocarpine. This predictive factor may be useful to ophthalmologists in treating those patients. Because pilocarpine induced widening of the angle in patients with narrow angles, it is a good candidate for temporal treatment of patients with narrow angles and angle closure glaucoma. The use of ultrasound biomicroscopy facilitates the evaluation of the angle before and after instillation of pilocarpine. However, long term response to pilocarpine remains unclear. The mechanism of pilocarpine induced change in the angle requires further investigation. The pilocarpine induced changes with age also need further study because of the change of outflow facility and accommodation with age.
In summary, we demonstrated the eVects of pilocarpine on the anterior chamber angle in patients with narrow angles. We showed that in all eyes with narrow angles pilocarpine induced widening of the angle. We also demonstrated a significant correlation between pilocarpine induced change in the angular width and pretreatment state.
